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Exposure to solar ultraviolet radiation (UVR) during 
childhood and adolescence is a key risk factor for 
the subsequent development of malignant melanoma 
skin cancer[1] and possibly for some non-melanoma 
skin cancers.[2] The incidence of melanoma is high in 
several countries, but especially in Australia and New Zealand (NZ),[3] 
and among the white population group of South Africa (SA).[4] Public 
health awareness campaigns that communicate the dangers of excess sun 
exposure, as recommended by the World Health Organization (WHO), 
have been ongoing at varying intensities. As part of these efforts, in 
both NZ[5] and SA (personal communication, G Coetzee, South African 
Weather Service, Pretoria) the Global Solar Ultraviolet Index (UVI) has 
been broadcast in the media for varying periods of time.
The UVI is an international standard measurement of the 
intensity of solar UVR at the earth’s surface and was developed 
through an international effort by the WHO in collaboration 
with the World Meteorological Organisation, the United Nations 
Environment Programme and the International Commission on 
Non-Ionising Radiation Protection (ICNIRP).[6] The higher the 
numerical value of the UVI, the greater the intensity of solar UVR 
and the greater the potential for damage to human health from 
excess exposure. The UVI is promoted as an education tool to be 
incorporated into programmes that inform the public about the 
health risks of excess solar UVR and encourage appropriate sun-
protection behaviour.
Several studies have been carried out to assess the impact of the 
UVI, including on whether the UVI is understood by the public of 
NZ[7] and Australia,[8] on the knowledge, awareness and use of the 
UVI among Australians,[9] on media uptake in response to advocacy 
and promotion,[5] and in relation to public response in the USA.[10] 
An early systematic review assessed the effectiveness of using tools 
such as the UVI in mass media communications and concluded 
that, while understanding of the UVI seemed to be suboptimal, 
insufficient research in this area meant that recommendations 
could not be made.[11] A 2012 systematic review found that, 
although the UVI is an effective instrument for promoting sun 
protection, the available evidence suggests that its use has not 
improved sun-protective practices or reduced sun exposure at the 
population level.[12]
To date, most research has focused on adult knowledge and 
understanding of the UVI, for example in NZ[7] and Germany,[13] and 
also the impact of UVI on adult tanning behaviour in Sweden.[14] Since 
excess sun exposure in childhood and adolescence is a known risk factor 
for skin cancer, and because sun-safe practices are most likely to be 
adopted as part of a healthy sun-exposure lifestyle from a young age, it is 
important to determine the level of knowledge and understanding of the 
UVI among school students. The aims of the present investigation were 
to draw on previously unpublished data from two school-based studies, 
one in NZ[15] and the other in SA,[16] to investigate and compare students’ 
knowledge of the UVI and, where possible, report their understanding 
of this measure. The findings obtained also provide indicative baselines 
against which any subsequent survey findings could be compared.
Methods
Both the NZ and SA study methods have been described in 
detail elsewhere.[15,16] These methods are briefly summarised below, 
with specific emphasis placed on the UVI sections of the student 
questionnaires.
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about or seen the UVI, whereas significantly more SA students and NZ Y4 students replied that they had neither seen nor heard about the 
UVI. Among the NZ students who had seen or heard of the UVI, understanding of the tool was fairly good.
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personal relevance to the UVI message.
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New Zealand study
Study location and participants. The cross-sectional study was 
carried out in five provinces at state or state-integrated schools 
randomly selected from the Ministry of Education schools database. 
A single class, either year 4 (Y4), modal age 8 years, or year 8 (Y8), 
modal age 12 years, was randomly selected from each school to 
participate. Y8 students’ results are comparable with grade 7 (G7) 
(modal age 12 years) students’ results in SA.
Questionnaire. The student survey measures assessed sun-related 
knowledge, attitudes and behaviours. Either four (Y4) or eight (Y8) 
questions on the UVI assessed both knowledge and understanding of 
the UVI. The questions on the UVI (Tables 1 and 2) were similar to 
Table 1. Student demographics, self-perceived skin photosensitivity and UVI knowledge, with comparisons between  
NZ Y8 and SA G7 students
NZ students
Questionnaire item
Y4 (N=214)
n (%)
Y8 (N=274)
n (%)
SA students, G7 (N=707)
n (%) p-value*
Demographics
Age (years) N/A
7 16 (7.7) 0 (0.0) 0 (0.0)
8 134 (64.7) 0 (0.0) 0 (0.0)
9 53 (25.6) 0 (0.0) 0 (0.0)
10 4 (1.9) 3 (1.1) 0 (0.0)
11 0 (0.0) 55 (20.6) 6 (0.8)
12 0 (0.0) 140 (52.6) 173 (24.5)
13 0 (0.0) 67 (25.1) 429 (60.8)
Other 0 (0.0) 1 (0.3) 97 (13.7)
Missing data† 8 8 2
Gender
Male 106 (51.1) 120 (45.1) 269 (38.3) >0.001
Female 100 (48.5) 146 (54.9) 434 (61.7)
Missing data† 8 8 4
 If you went out in the sun without protection in the summer for  
30 minutes during the middle of the day, would you:
Just burn and not tan afterwards 47 (22.7) 55 (20.7) 133 (18.8) >0.001
Burn first, then tan afterwards 35 (16.9) 68 (25.6) 151 (21.3)
Not burn at all, just tan 54 (26.0) 71 (26.7) 117 (16.5)
Don’t know 71 (34.2) 71 (26.7) 305 (43.2)
Missing data† 7 9 1
Knowledge of UVI
Have you seen or heard about the UVI?
No 142 (68.9) 113 (42.3) 438 (61.9) >0.001
Yes 64 (31.1) 154 (57.7) 269 (38.1)
Missing data† 8 7 0
Where have you seen or heard about the UVI?‡ N/A
Radio 17 27 62
Newspaper 15 35 49
Magazine 10 24 66
People talking about it 24 59 83
At school 24 61 111
Other 6 10 21
Don’t know 19 31 98
Total responses 143 319 623
N/A = not applicable.
*p-values relate to comparisons between the NZ Y8 and SA G7 students only.
†Missing data excluded from calculations.
‡Students could select more than one answer.
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those used in a national survey administered to the general public in 
NZ[7] and a survey administered to secondary students,[13] amended 
post piloting to ensure age-appropriate language. In addition to basic 
demographic questions, students were also asked to assess their skin 
photosensitivity by answering the question: ‘If you went out in the sun 
without protection in summer for 30 minutes during the middle of 
the day, would you: just burn and not tan afterwards; burn first and 
then tan afterwards; not burn at all, just tan; or don’t know’. The words 
‘during the middle of the day’ were omitted from the Y4 questionnaire 
in an attempt to simplify the question for this younger age group.
Procedures. The questionnaire was administered as part of a larger 
study to measure students’ sun exposure. The fourth and the first terms 
(October 2004 - April 2005), the period during which sun protection 
is routinely recommended in NZ schools, were chosen for the purpose 
of measuring sun exposure. Six weeks prior to survey administration, 
information sheets and consent forms were mailed to class teachers 
for distribution to parents/guardians. A researcher administered 
the questionnaire to the class at each school, giving only general 
instructions to assist completion. Ethical approval was obtained from 
the University of Otago Human Ethics Committee (Ref. No. 04/028).
South African study
Study location and participants. A cross-sectional descriptive study was 
carried out in the nine provinces of SA. Four schools from each province 
were randomly selected from the Department of Basic Education schools 
database after ineligible schools (schools without a G7 class, with a class 
Table 2. NZ student responses to questions on understanding of, use of and desire to know more about the UVI by  
year level and gender
Questionnaire item
Year 4 Year 8
All
n (%)
Male
n (%)
Female
n (%) p-value
All
n (%)
Male
n (%)
Female
n (%) p-value
Would you say the UVI is: N/A
Easy to understand - - - 55 (42.6) 23 (40.3) 32 (39.5) 0.641
Difficult to understand - - - 74 (57.3) 34 (59.6) 49 (60.4)
Missing data - - - 25 14 11
As the number on the UVI gets bigger, it 
means the sun’s rays are getting stronger:
Disagree 7 (13.7) 3 (8.6) 4 (25.0) 0.203 8 (5.5) 3 (4.8) 5 (6.1) 0.179
Agree 32 (62.7) 22 (62.8) 10 (62.5) 59 (41.2) 31 (50.0) 28 (34.5)
Unsure 12 (23.5) 10 (28.5) 2 (12.5) 76 (53.1) 28 (45.1) 48 (59.2)
Missing data 13 8 5 11 9 2 
As the number on the UVI gets bigger, it 
means you can spend more time in the sun:
N/A
Disagree - - - 80 (55.1) 34 (56.6) 46 (66.6) 0.263
Agree - - - 5 (3.4) 2 (3.3) 2 (2.3)
Unsure - - - 60 (41.3) 24 (40.0) 36 (42.8)
Missing data - - - 112 53 59
As the number on the UVI gets bigger, 
it means that you need to use more sun 
protection:
N/A
Disagree - - - 6 (4.1) 4 (6.25) 2 (1.3) 0.487
Agree - - - 84 (58.3) 35 (54.6) 49 (34.0)
Unsure - - - 54 (37.5) 25 (39.0) 29 (20.1)
Missing data - - - 111 51 60
Family uses the UVI to help them decide 
what sun protection to use:
N/A
No - - - 72 (50.0) 30 (46.8) 42 (52.5) 0.287
Yes - - - 14 (9.7) 9 (14.0) 5 (6.2)
Unsure - - - 58 (40.2) 25 (39.0) 33 (41.3)
Missing data - - - 104 48 56
Would you like to know more about the 
UVI:
No 58 (28.2) 24 (22.8) 34 (34.0) 0.077 51 (19.3) 32 (27.1) 19 (13.0) 0.004
Yes 147 (71.7) 81 (77.1) 66 (66.0) 213 (80.6) 86 (72.8) 127 (86.9)
Missing data 1 1 0 2 2 0 
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size of less than 10, sited in a rural location or where English or Afrikaans 
were not used for teaching at the school) were removed.
Questionnaire. The questionnaire, provided in both English and 
Afrikaans, was based on that used in the NZ study, but only one question 
on the UVI was retained, i.e. ‘Have you seen or heard about the UVI?’ 
The other seven questions were not included because it was noted during 
piloting that most participants did not recall either hearing or seeing 
anything about the UVI. In addition to basic demographic questions, 
students were asked to assess their skin photosensitivity by answering the 
same question as used for Y4 and Y8 students in NZ (see above).
Procedures. The study took place during the third school term 
between August and October 2012. School principals were invited by 
telephone to permit their schools to participate and those principals 
who agreed were couriered questionnaires, information sheets and 
consent forms, as well as a prepaid courier bag to return completed 
questionnaires to the researcher. Ethical approval for this study was 
obtained from the Council for Scientific and Industrial Research 
(CSIR) Research Ethics Committee (Ref. No. 35/2012).
Statistical analysis
All analyses were carried out using Stata 13.1 (StataCorp LP, USA). 
Summary descriptive statistics, including observed frequencies for all 
variables, were calculated. Statistical significance was assessed using 
p<0.05 for Pearson’s χ2 tests with missing data removed.
Table 3. NZ student responses to questions on understanding of, use of and desire to know more about the UVI by year of age
Questionnaire item
7 years
n (%)
8 years
n (%)
9 years
n (%)
10 years
n (%)
11 years
n (%)
12 years
n (%)
13 years
n (%)
Other
n (%) p-value
Would you say the UVI is:
Easy to understand - - - 2 (100.0) 12 (54.4) 25 (35.7) 16 (45.7) 0 (0.0) 0.140
Difficult to understand - - - 0 (0.0) 10 (45.5) 45 (64.2) 19 (54.2) 0 (0.0)
Missing data - - - 3 3 16 6 0 
As the number on the UVI gets 
bigger, it means the sun’s rays are 
getting stronger:
Disagree 1 (16.6) 3 (11.5) 3 (15.7) 0 (0.0) 0 (0.0) 7 (8.8) 1 (2.5) 0 (0.0) 0.046
Agree 4 (66.6) 14 (53.8) 14 (73.6) 0 0.0 10 (41.6) 30 (37.9) 19 (48.7) 0 (0.0)
Unsure 1 (16.6) 9 (34.6) 2 (10.5) 1 (100.0) 14 (58.3) 42 (53.1) 19 (48.7) 0 (0.0)
Missing data 1 7 5 1 1 7 2 0
As the number on the UVI gets 
bigger, it means you can spend more 
time in the sun:
Disagree - - - 1 (50.0) 14 (60.8) 41 (51.2) 24 (60.0) 0 (0.0) 0.862
Agree - - - 0 (0.0) 0 (0.0) 3 (3.7) 2 (5.0) 0 (0.0)
Unsure - - - 1 (50.0) 9 (39.1) 36 (45.0) 14 (35.0) 0 (0.0)
Missing data - - - 4 32 56 22 0
As the number on the UVI gets 
bigger, it means that you need to use 
more sun protection:
Disagree - - - 0 (0.0) 2 (8.3) 3 (3.7) 1 (2.5) 0 (0.0) 0.657
Agree - - - 0 (0.0) 12 (50.0) 48 (60.0) 24 (61.5) 0 (0.0)
Unsure - - - 1 (100.0) 10 (41.6) 29 (36.2) 14 (35.9) 0 (0.0)
Missing data - - - 5 31 55 22 1
Family uses the UVI to help them 
decide what sun protection to use:
No - - - 0 (0.0) 7 (29.1) 39 (50.0) 26 (65.0) 0 (0.0) 0.040
Yes - - - 0 (0.0) 5 (20.8) 6 (7.6) 3 (7.5) 0 (0.0)
Unsure - - - 2 (100.0) 12 (50.0) 33 (42.3) 11 (27.5) 0 (0.0)
Missing data - - - 4 29 53 20 1
Would you like to know more about 
the UVI:
No 5 (31.2) 45 (33.8) 7 (13.2) 2 (33.3) 13 (23.6) 26 (18.7) 10 (15.1) 1 (100.0) 0.005
Yes 11 (68.7) 88 (66.1) 46 (86.7) 4 (66.6) 41 (76.3) 113 (81.2) 56 (84.8) 0 (0.0)
Missing data 0 1 0 0 0 1 1 0
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Results
Demographics
For the NZ study, 27 schools participated, 14 of which contributed 
the 264 Y8 participants and 13 the 214 Y4 participants. A total of 
24 schools participated in the SA study and 707 students completed 
the student questionnaire. Data for a total of 1 177 students were 
included in all analyses (comprising 472 NZ and 705 SA students; 
students with missing self-reported gender were omitted).
The median age for the NZ Y4 students was 8 years, for the NZ Y8 
students it was 12 years, and for the SA G7 students it was 13 years 
(Table 1). In both the NZ and the SA study, more females than males 
answered the questionnaire, this ratio being higher in the SA sample.
Students were asked to assess their skin photosensitivity according 
to the Fitzpatrick Skin Phototype Classification question on burn/
tan.[17] Of the NZ Y8 students, there was a relatively even distribution 
selecting one of the four choices, but with the fewest selecting 
‘just burn and not tan afterwards’ and similar numbers of students 
selecting the other two options, i.e. ‘burn first then tan afterwards’ 
and ‘not burn at all just tan’. This was not the case for the NZ Y4 and 
the SA G7 sample. About one-third of the NZ Y4 students and more 
than 40% of the South African students selected ‘Don’t know’ for this 
question.
Knowledge of the UVI
More than half of the NZ Y8 sample answered that they had 
previously heard about or seen the UVI, whereas significantly more 
SA G7 students and NZ Y4 students replied that they had not seen 
or heard about the UVI. The largest number of students in both 
countries who reported having seen or heard about it had done so 
either via television or at school.
Understanding of the UVI
The NZ students were asked additional questions to test their 
understanding of the UVI (Tables 2 and 3). Of the Y8 students 
completing the question on ease of understanding the UVI, more than 
half said that it was difficult to understand. Three questions further 
probed the students’ understanding of the UVI and its values. For the 
statement, ‘As the number on the UVI gets bigger, it means the sun’s 
rays are getting stronger’, the majority of Y8 students were unsure 
of their answer, except for Y8 male students, of whom half correctly 
agreed with this statement. About two-thirds of the Y4 students 
correctly agreed with this statement, with similar percentages of males 
and females. Y8 students were asked two additional questions testing 
their UVI understanding. In both cases, most Y8 students correctly 
selected the correct response, i.e. they disagreed that ‘As the number 
on the UVI gets bigger, it means you can spend more time in the sun’ 
and agreed that ‘As the number on the UVI gets bigger, it means you 
need to use more sun protection’. There were no statistically significant 
differences by gender for these questions.
One statistically significant difference by self-reported age in years 
(not year level) was observed for the statement: ‘As the number on the 
UVI gets bigger, it means the sun’s rays are getting stronger’; students 
aged 11, 12 and 13 years were more likely than students of other ages 
to select the ‘unsure’ response.
Use of the UVI and desire to know more about the UVI
Y8 students were asked whether or not their family made use of the 
UVI to help decide which sun protection to use. Only 14 students 
replied positively, with the majority answering either negatively 
or indicating that they were unsure. The final question was about 
whether or not they would like to know more about the UVI, and the 
majority of the Y4 and Y8 students expressed a desire to know more 
about the UVI, with slightly more Y8 males than females responding 
negatively. When asked whether their family utilised the UVI to help 
them decide what sun protection to use, more 11-year-olds than 
students of other ages selected ‘unsure’.
Discussion
Few studies have considered the understanding and use of the UVI, 
with this being the first of which we are aware that focused on 
primary-school students. The aim of this study was to investigate 
and compare students’ knowledge of the UVI and, where possible, 
report their understanding of this measure. There is at least some 
evidence to suggest that some school students have seen or heard 
of the UVI. However, this is not the case for the majority of 
students in this study, unlike a study among West Australian adults, 
aged 18 years and older, that found a high level of awareness and 
understanding of the UVI.[9] NZ Y8 students were most likely to have 
seen or heard of the UVI, perhaps because the UVI has been broadcast 
and published routinely in some NZ media since 1999, and it may 
have also been discussed in NZ school curricula. Those students who 
had seen or heard of the UVI had done so at school or via television. 
Understanding of general sun exposure and protection also appears 
to be better in NZ Y8 students, as evidenced by the higher number of 
Y4 and G7 students reporting their uncertainty regarding what would 
happen to their skin exposed to the summer sun for 30 minutes.
The UVI was constructed as a simple index using categorical 
numbers to communicate sun-exposure risk, and sun-protection 
advice was related to the scale at a later stage.[6] In terms of ease of 
understanding, when asked whether the UVI was easy or difficult 
to understand, two-thirds of the students stated that they found the 
UVI difficult to understand. This may in part explain why the UVI 
does not appear to change attitudes towards sun protection or sun-
related behaviour, at least for those populations in which ease of UVI 
understanding has been explored previously. An ICNIRP Working 
Group decided that changes to the UVI itself were not warranted.[18] 
However, if a basic comprehension of the UVI metrics is missing, it 
is unlikely to have a positive influence on sun-related attitudes and 
behaviours. Teaching about the UVI should begin at school, and this 
has been the practice in many NZ primary and intermediate schools, 
although standardised SunSmart Schools curriculum resources, 
including substantial content about the UVI, were not commissioned 
and promoted online until 2014.[19]
Among the few students who had seen or heard of the UVI, 
understanding was generally good; most students knew that the 
increasing UVI numbers meant that the sun’s rays were getting stronger 
and that more sun protection was required. However, a quarter to 
half of the students were unsure about the appropriate response, 
suggesting that many are not confident of their understanding of the 
UVI. Interestingly, younger students tended to agree more readily 
than their older counterparts with the UVI understanding question.
Despite only 14 students stating that their family used the UVI to 
help them decide what sun protection to use, most students of all ages 
and from both countries wanted to know more about the UVI. The 
UVI categories have been coupled with sun-related behaviour and 
sun-protection responses.[6] These messages need to be part of the 
teaching about UVI in schools.
Study limitations
Study data were collected through the use of self-completed 
questionnaires. Although the sampling procedures could not ensure 
representativeness, there is some evidence that neither study sample 
deviated substantially from the general population of students of 
the same year and school level.[15,16] The timing of the study was 
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the probable reason for the age differences between Y8 and G7 
students, since the entire SA survey took place in the second half of 
the year during the third school term, by which time most students, 
commencing the year at age 12, had attained the age of 13 years. In 
both studies, owing to natural class composition, more females than 
males, particularly in the SA sample, answered the questionnaire. 
Some comparability bias may be evident as the different population 
surveys took place in different years, i.e. in 2004/5 and 2012 for the 
Y4/Y8 and G7 students, respectively.
Conclusion
We have demonstrated that awareness and understanding of the 
UVI among primary school students in two countries are relatively 
low. While results may not be fully generalisable, they suggest that 
greater effort is necessary to raise awareness and understanding of the 
UVI if it is to be promoted as an effective sun-protection tool. The 
observed lack of awareness among many school students provides an 
opportunity to introduce an innovative and age-appropriate approach 
to teaching of the UVI that goes beyond a simple explanation of the 
metrics. The teaching approach should combine level of risk with 
behavioural responses to UVI numbers and/or categories and focus 
on personal relevance of the UVI message. The data presented here 
further demonstrate that efforts to increase general sun awareness 
and appreciation of the associated risks are needed in SA for all 
population groups.
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